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013?3} g7y S whEs] A8 2 AFeAE AFHE 283 A4y E?LE g7 A
£ Z&ssith HT dvd ARES dvEd /\]7-1@}01] 28] AREEE EEA =T EA Maple,
Mathematica, GSP(Geometor’s Sketchpad)s9l 5 L&
B2 25 7 UAHERE - $43, 199 Az - A
AFelAE A 01‘3]"1"} FRE AR 5 9l Sag

&

-

W3} Maxima, Sage, GeoGebrase 5 T2
% 2009; Macnab & Phillips & Norris, 2012). 1 5 ¥
e} GeoGebraZ Aeldlo] A)Z+3tE 18 &9ltt. Sages
Aedle ddo] 7hsdt AFESY AU HE&E T2 9Jod v2 Abgo] 7hed F5 CAS(Computer
Algebra System) ZFolthae]ed - YA - w71 - o], 2009). o3& FahEok] ARt ofz}, ¥
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SKKU Sage Cell Server : http://sage.skku.edu

SKKU Sage Cell Server

» 30 d A& (Published Data) : | 28 Sagefte 28 | | Linear Algebra with Sage | | Interactive Linear Algebra

ofehel Bl #hol SageWE 015 25t 0 Y HHEE F2A|R. (Type some Sage code below and press Evaluate.)
2850

(201922t EIX| Yo AB 0FH2| Toggle Plaintext inputt E8 20 FeAH gudh)

<19 1> Single Cell Server QRT=

SHE CAS 22133} wl3sle] Sagert A F0T Aol Sageel ) AT A BF Yy
2 AgEA 48 F ke Aotk mebd R Saged] WIS 9%
A% A28 IO 4al, A Sage AAE Bl o 2

A3l A4 S 9ok T AAF WS QYT $AE 71 RAH Sage

http://matrix.skku.ac.kr/2012-LAwithSage/interact/link.html
http://matrix.skku.ac.kr/2010-Album/Sage-QReference-SKKU.pdf
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http://mathl.skku.ackr (ID: skku, Password: math)
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3. A¥AEEA4 (http:/mathl.skku.ac.kr/pub/583)
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10. BB o] &3 4FZ A A" (http://mathl.skku.ac.kr/pub/733)
o] A|Z}3t 5 Eof PHS o] &3 UG A|AH y)rﬂg olglata A ALd B 4 ) g A717]— 3l

9 A 49U o, A AT 0|43 FTEL VEIL A1 olgad IAE A5t el vhaied
Ak sl WA A% 93k 9 sk %eﬁ%—% sga, BE 9d9 A%se U, 0 Wz Gl
S eln gEsh AY 8x 3 4AS Aol AW, 9 F 4 4, AR g gEs Al F ux
4 C=AB DL WE 5 AT 9 WSS WE AFE AEE E7) Aetel A9 dgdel Basc oA

Wetd, A 'AB=A"'C= B9 WHoR =5 ¢

11. &9 Ao APd4e (http)/mathl.skkuac.kr/pub/734)

S Age 9o HEge] 47 FHE Fold £AIA Agstel, AT MELS AusE 1 F
o vhete] o] Web 513, A E o] 48 Aol HES T  dild e g Fohe
AoIT), of BAl the e Agrisste] £ & stk AU TR o83 VE o] A%} mrE
Qolz Fol S Al ol 1) BE ohE ABHL, oI <Jole] Fu Aol FoAE HUA AAE
FEE BE e A9 BEGS 98 F ot B R F0h F thiA A9 F2w o) 247t dehta

AR o]
=3 = M1 H
a2 A dste wEEs FEVR o g

12. #5719 3A (http//mathl.skku.ac.kr/pub/639)

o] A3}t ke FEE o] &F 3ol sS .

g 207k Qlek o] F je 2agvke A7 B9 A ZII-EQ]— el 37 Zieel
Wi

o) sagule 3o 84 4nE v

ds 5o, H=S 907 A IGa v B 3] sjgehs 23EuE 907 o olEAlYl

e WA WAAEOR 907 A48 AL B+ 9ek 3, A AFee 97 )

g
R
e 2

cosf —sinf
sinf cos#

o7l mpolth. Wt A
o,

& dde B3udgel Fau guF N4F BIRFS AL 5 9

13. A3 AArGHS (http)/mathl.skku.ac.kr/pub/598)
o] NZ3l =i gy} Hary @%E’.i Uyt o & Sof WSS Adund AL o33} o
A
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.
cog wgE g pe ga | 80 Smiesily g

) .
guse grgae | O 6 sinfcos ot} :
sinfcosf sin%)

sinfcosf sin%0

2 p= 7| % B @aoln el & o) NSt m7E A9 AL B olFE ol Aoz ol
Y

D ENEE

Choose your Linear Transformation

2 22a2 -1 o0 i o379
ix = . sz .
e yaay  Matrix 0 —1 1 &

1 naan . ®

=] oz,
| 08 oo avna e

Alegt Al # g0l 2151 01 :
30002 IENS H0ED. * ®

<% 8> & H 2 (GeoGebra) <% 9> Cf&E Sk (Sage)

of A7t e 25 WA, yF WA, SR Udnh dE 50 yF WS AvEy,

o] 2717 Atk BhE AS Fold THolm g st 1 £ m o @z [0 ﬂw

fijo

Y EYoR Yehdt & pF0RE — R o)FHA yiE AR oJBE yFow thF oFd

16. 0" X9 == 2@ WA (http:/mathl.skku.ac.kr/pub/580)

A 2G| ofulAF Stk o] oS FH(p )& NFLE W& rIF 55w

(p,g1) ol drk 1efd o] AZ4g =75 Faf defo] AZA Zdl FE |0r ¢(1—7)

00 1

dlo] dozl Bgol ABAE FH-(p,¢1) S VIF2R HE r WF 5 EE FPA Aol AMS & £

r0 p(l—r)}



10 A4 FAA LA

r0 p(1—r)

Ak %, 42 07 g(1-1)| & Ao ABA £HE FW(pe1) & TR W& 5 BEF £5 EE P2
00 1

A T ieddolgde A & T vk

17. =899 ¢ 9 33 (http://mathl.skku.ac kr/pub/729)
o] AlZtsl TtE o] g3dle] Folx WM A4S TH (p,g) & VTR HE rUF FF

r0 p(l—r)
Ee BPND 5 Ak o A% ETE Batel A8 Fold 44l 98 |00 q(1—1) | &
00 1
to] Aozl Tgo] 44EE FH(p,¢1) S 7FLR2 W& ritE $5 T FAAZ Aol
Atk &, T8 (p.g1) I W& r & WA wolth A4 o] B & EE AFHEAE
3F 2~ o)
2 T M

18. AAS (httpy//mathl.skku.ac.kr/pub/539)
E&s = e x 9 a7t ek WE x9 adl 93 AHHe FEINHAZY GAY(proj ., x)2 Al

rerin
713t BE B3 FolRl 254 wWE 258 ¥ 4 Ak F, projo,.x=

AT ok W
BIREESY o) X ob a7h st siobeh proj, ok o) WslsheAS ARdoR 49 4+ Atk o

Asie Aol AL Fa AR e AZHe W xo) adl os) A4HE SEFA R AN
7 WEEE AL welE,

<X,a>
I 2

19. H2AFFA (http//mathl.skku.ac. kr/pub/770

o) A7te ETF Bl ALATH(east square) o1 &3] @ AHG TohE 1 4 He] A
Az, yy), Blayy,), Clag,yy) 02 FE 7P 2AREE AMolagte & & 4 ok o7
A WS wupet A AoRRE JPF AR AA(FH A FA M) NS TFebe 3
) sk 23 A4 S Motk A8 ASE Utk o AL B 0 A

At %, o AZe BE Fa Tl HomRE A A AL B wyew oY
least square)s ©]&dte] TARAA S Teke WS deElFa, 2 HaAwAde] A Heziy

20. °o)x}84 (http://mathl.skku.ackr/pub/751)
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302+ 20y 32 —8 =09 WAL [oy)|[]1]|7] =85t 2ol 992 @ woz yu 4+ A 2

13
2(z')?+4(y)* =82 Uehd & k. o] o'y -5 ay-F& A W) BFOR —45°wF (F, A B
o 45° W) AT Fo ’ = 2’y -FelAe] Belolth o] AlZst ks o
e P fA}E o] &3 15 H4& AAA R BojEth
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21. Fourier F4 (http://mathl.skku.ac.kr/pub/752)

N
IvE ay+ Y (a,cosna+b,sinnz) Fee] RE A7F3HRe] T (trigono-metric polynomia) E& o] o]
n=1

A Fgeet El-mald FEEdelR w1 Jyel 2N+ F5 1, cosz, sinz, cos2z, sin2z, ...,
cosNz, sinNzEY dAAFLR o|FAZt= AMEE ]85t Fourer 355 T8+ #Aol Gram-
Schmidt A4 st H49] &golghe A BT

9] #4LE SageE ol gdle] U o] Ad B 4 Ak 41 w4l AabY, & AT S
S71 AN B4 S Aot olold ol FaolA Sage Zu BT FY
ATE AAkte] Sage WHol S hte] A ot BF ldsta Fahd v 3y glo] whE F3H9
A2 g + A

o

http://mathl.skku.ac.kr/home/pub/641

| def Get JN(f, N): |

of 4E Jye AW Fael, Foldl gl AY MHE HZH4THE (trigonometric polynomia) & %
Booleh, Al e Bz, [-m Bl flo) =a7k Fold W folA Jome] NG pF R B
%9l GetIN B4 o §3tol, thest 2ol AshA ek

f=x

pd = Get_JN(, 4);

o g4 Bsu et 2k

’ print (p4) # -sin(2%x) + 2/3*sin(3*x) - 1/2#sin(4#x) + 2#*sin(x)

Qo B4 flo) =29 TYoR A4 wmsuw ches) 2ok

pl4 = plot(f, —pi, pi, rgbcolor="red’)
pl4 += plot(p4, —pi, pi, rghcolor="blue’)
pld.show()
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Fourier A4

AF

o] %
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<38 10> &f(z) =

Fske
sHlshe
A

[UO

AFEs

PR

e

FHES B
Yoz ggd
S el 7 o] A
AS Aok o AxEde ofEd Ak oAt Saged o] &

=
s

o~
T

(9}
AN

2~
T

o (WZHE)oL J ol Mo HAY p(x)(THEt)o] Jef =

o). ol Ao] Wl Fourier A4¢] Aol qlelz Fof

o ollM= gl ’“3401“71 e,

b 7k

ddlel geeel ke
2 40 78 4

‘6]—
U

sl &

|

pl00 = Get_JN(, 100);

|

pl100 =
pl100 += plot(pl00, —pi, pi, rghcolor="blue’)
pl100.show()

plot(f, —pi, pi, rgbcolor="red’)
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<3% 12> sEgelel MSutdol tfsh Fourier Aol MR

<38 13> Fourier A& 0|88 MRl T Es

Agrfrate] agold 99 22 g2 BARES o] &3 udsadd s 77 AdEg Rl
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Visualization of Linear Algebra concepts with Sage and GeoGebra
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This work started with recent students’ conception on Linear Algebra. We were trying to help their understanding
of Linear Algebra concepts by adding visualization tools. To accomplish this, we have developed most of needed tools
for teaching of Linear Algebra class. Visualizing concepts of Linear Algebra is not only an aid for understanding but
also arouses students’ interest on the subject for a better comprehension, which further helps the students to play with
them for self-discovery. Therefore, visualizing data should be prepared thoroughly rather than just merely understanding
on static pictures as a special circumstance when we would study visual object. By doing this, we carefully selected
GeoGebra which is suitable for dynamic visualizing and Sage for algebraic computations. We discovered that this
combination is proper for visualizing to be embodied and gave a variety of visualizing data for undergraduate
mathematics classes. We utilized GeoGebra and Sage for dynamic visualizing and tools used for algebraic calculation
as creating a new kind of visual object for university math classes.

We visualized important concepts of Linear Algebra as much as we can according to the order of the textbook. We
offered static visual data for understanding and studied visual object and further prepared a circumstance that could
create new knowledge. We found that our experience on visualizations in Linear Algebra using Sage and GeoGebra to
our class can be effectively adopted to other university math classes. It is expected that this contribution has a

positive effect for school math education as well as the other lectures in university. 2)
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